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PROJECTION TELEVISION DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a projection television 
device to obtain a Wide screen image Without dif?culty, and 
more particularly to a projection television device to achieve 
an image With excellent quality. 

2. Description of the Background Art 
FIG. 6 schematically illustrates a general construction of 

a projection television device including three projection 
cathode-ray tubes for red image, green image and blue 
image. The projection television device of FIG. 6 includes a 
projection cathode-ray tube for red 1a, a projection cathode 
ray tube for green 1b, a projection cathode-ray tube for blue 
1c, projection lenses 2a, 2b and 2c and a screen 3. FIG. 7 is 
a cross-sectional representation of structures of phosphor 
layers used for a projection television device in a back 
ground art. Phosphor layers 4a, 4b and 4c shoWn in FIG. 7 
each have an almost uniform thickness. Other reference 
characters of FIG. 7 correspond to those of FIG. 6. 

The background-art projection television device has an 
arrangement, as shoWn in FIG. 6, Where the projection lens 
2b is positioned at center in front of the screen 3, the 
projection lens 2a is positioned at one side of the projection 
lens 2b and the projection lens 2c is positioned at the other 
side of the projection lens 2b, both being tilted to the screen 
3, and the projection cathode-ray tube for green 1b, the 
projection cathode-ray tube for red 1a and the projection 
cathode-ray tube for blue 1c are positioned behind the 
projection lenses 2b, 2a and 2c, respectively. In practice, the 
phosphor layers 4a, 4b and 4c are considerably thin and 
almost uniformly coat the inner faces of display WindoW 
glasses (not shoWn) provided on respective surfaces of the 
projection cathode-ray tube for red 1a, projection cathode 
ray tube for green 1b and the projection cathode-ray tube for 
blue 1c. 

NoW, an operation of the background-art projection tele 
vision device Will be discussed. Referring to FIG. 7, the 
phosphor layer 4a is irradiated by an electron beam Within 
the projection cathode-ray tube for red 1a to draW a red 
image on the phosphor layer 4a. Similarly, the phosphor 
layer 4b is irradiated by an electron beam Within the pro 
jection cathode-ray tube for green 1b to draW a green image 
on the phosphor layer 4b, and the phosphor layer 4c is 
irradiated by an electron beam Within the projection 
cathode-ray tube for blue 1c to draW a blue image on the 
phosphor layer 4c. Referring neXt to FIG. 6, the red image 
on the projection cathode-ray tube for red 1a is projected on 
the screen 3, being magni?ed through the projection lens 2a. 
The green image on the projection cathode-ray tube for 
green 1b is projected on the screen 3, being magni?ed 
through the projection lens 2b. The blue image on the 
projection cathode-ray tube for blue 1c is also projected on 
the screen 3, being magni?ed through the projection lens 2c. 

In the background art, hoWever, this projection television 
device causes such phenomena as folloWs: 

(1) FIG. 8 is a graphical representation shoWing a relation 
betWeen an area and a spot diameter of a phosphor layer. 
This graph shoWs a relative spot diameter, Where the indi 
cation of 100% represents the spot diameter at the center 
portion of the phosphor layer receiving a perpendicular entry 
of an electron beam. As can be seen from FIG. 8, the spot 
diameter is larger at an area closer to the periphery of the 
phosphor layer. Taking the red image as an eXample for 
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2 
discussion, the electron beam enters the center portion of the 
phosphor layer 4a almost perpendicularly, but it enters the 
peripheral portion of the phosphor layer 4a With large angle 
of incident to make the spot diameter larger. Accordingly, 
the resolution at the peripheral portion of an image on the 
screen 3, Which is obtained by projecting the image of the 
phosphor layer 4a, is Worse than the resolution at the center 
portion of the image on the screen 3. 

(2) FIG. 9 is a graphical representation of MTF 
characteristics, shoWing a relation betWeen an area and a 
resolution (MTF) of the image on the screen 3. As can be 
seen from FIG. 9, the MTF at the peripheral portion of the 
image projected on the screen 3 is Worse than the MTF at the 
center portion of the image projected on the screen 3. Taking 
the red image as an eXample for discussion, the projection 
lens 2a generally has a spherical aberration and fabrication 
variation. When the image of the phosphor layer 4a is 
projected on the screen 3 through the projection lens 2a, the 
loss in MTF is produced more at the peripheral portion of the 
projected image than at the center portion of the projected 
image due to the spherical aberration and fabrication varia 
tion. 

(3) FIG. 10 is a graphical representation shoWing a 
relation betWeen an area and a luminance (brightness) of the 
image projected on the screen 3. This graph shoWs relative 
luminance, Where the indication of 100% represents the 
luminance of the image projected on the center portion of the 
screen 3. As can be seen from FIG. 10, the luminance at the 
peripheral portion of the image projected on the screen 3 is 
Worse than the luminance at the center portion of the image 
projected on the screen 3. Taking the red image as an 
eXample for discussion, a capture range of projected light in 
an entrance pupil of the projection lens 2a is Wide at its 
center portion and narroW at its peripheral portion. 
Accordingly, When the image of the phosphor layer 4a is 
projected on the screen 3 through the projection lens 2a, the 
loss in luminance is produced more at the peripheral portion 
of the image projected on the screen 3 than at the center 
portion of the image projected on the screen 3 due to the 
difference in capture range of the projection light from the 
phosphor layer 4a (the light of image emitted from the 
phosphor layer 4a) 

These phenomena (1), (2) and (3) as discussed above 
similarly occur in cases of the green image and blue image. 

(4) FIG. 11 illustrates images Which are draWn on the 
phosphor layers 4a, 4b and 4c When an image having a 
pattern 7 shoWn in FIG. 12, as an eXample of image, is 
formed on the screen 3. As can be seen from FIG. 11, the 
images of the phosphor layers 4a and 4c each have a pattern 
Which is draWn larger on a near side to the phosphor layer 
4b and draWn smaller on a far side from the phosphor layer 
4b, in contrast to the image of the phosphor layer 4b. This 
is because each of the images of the phosphor layers 4a and 
4c on the near side to the phosphor layer 4b has a tendency 
to be projected smaller on the screen 3 since the projection 
cathode-ray tube for red 1a and the projection cathode-ray 
tube 1c are arranged at a large tilt With respect to the screen 
3. For this reason, correction of the image on the screen 3 is 
made by draWing the image larger on the nearer side to the 
phosphor layer 4b. 

There arises such unbalance as the images of the phosphor 
layers 4a and 4c are each draWn larger on the near side to the 
phosphor layer 4b and draWn smaller on the far side from the 
phosphor layer 4b. The images With this unbalance are 
accompanied by the loss in resolution as discussed in (2) and 
the loss in luminance as discussed in (3) When it is projected 
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on the screen, being magni?ed through the projection lens 
2a or 2c, to produce difference in resolution and luminance 
betWeen both sides of the image on the screen 3. 

Thus, in the background art, there are problems of the loss 
in resolution and luminance Which is produced more at the 
peripheral portion of the image on the screen 3 than at the 
center portion of the image on the screen 3, due to the 
phenomena (1), (2) and (3) and of the difference in resolu 
tion and luminance betWeen both sides of the image on the 
screen 3 due to the phenomenon 

SUMMARY OF THE INVENTION 

The present invention is directed to a projection television 
device. According to a ?rst aspect of the present invention, 
the projection television device comprises: plurality of 
cathode-ray tube; a phosphor layer provided on at least one 
of the plural cathode-ray tube, having a thickness of the 
phosphor layer Which varies continuously from a center 
portion of the phosphor layer toWard a peripheral portion of 
the phosphor layer. 

According to a second aspect, in the projection television 
device of the ?rst aspect, the plurality of cathode-ray tube 
include a ?rst projection cathode-ray tube, a second projec 
tion cathode-ray tube and a third projection cathode-ray tube 
Which are individually used for different color. 

According to a third aspect, in the projection television 
device of the ?rst aspect, the thickness of the phosphor layer 
is thick at the center portion of the phosphor layer and is 
thinner at the peripheral portion of the phosphor layer. 

According to a fourth aspect, in the projection television 
device of the third aspect, the thickness at the peripheral 
portion of the phosphor layer is a thickness to achieve the 
maximum luminance in vieW of the phosphor thickness 
luminance characteristics. 

According to a ?fth aspect, in the projection television 
device of the fourth aspect, the thickness of the phosphor 
layer ranges approximately from 20 pm to 30 pm at the 
peripheral portion of the phosphor layer and ranges approxi 
mately from 40 pm to 50 pm at the center portion of the 
phosphor layer. 

According to a sixth aspect, a projection television device 
comprises: three projection cathode-ray tubes consisting of 
a ?rst projection cathode-ray tube, a second projection 
cathode-ray tube and a third projection cathode-ray tube 
Which are disposed in this order; and a phosphor layer 
provided on at least one of the ?rst projection cathode-ray 
tube and the third projection cathode-ray tube, having a 
thickness of the phosphor layer Which varies continuously 
from a near side to the second projection cathode-ray tube 
toWard a far side from the second projection cathode-ray 
tube. 

According to a seventh aspect, in the projection television 
device of the six aspect, the thickness of the phosphor layer 
is thin on the near side to the second projection cathode-ray 
tube and is thicker on the far side from the second projection 
cathode-ray tube. 

According to an eighth aspect, in the projection television 
device of the seventh aspect, the thickness on the near side 
of the phosphor layer to the second projection cathode-ray 
tube is a thickness to achieve the maximum luminance in 
vieW of the phosphor thickness-luminance characteristics. 

According to a ninth aspect, in the projection television 
device of the eighth aspect, the thickness of the phosphor 
layer ranges approximately from 20 pm to 30 pm on the near 
side to the second projection cathode-ray tube and ranges 
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4 
approximately from 40 pm to 50 pm on the far side from the 
second projection cathode-ray tube. 

According to a tenth aspect, a projection television device 
comprises: three projection cathode-ray tubes consisting of 
a ?rst projection cathode-ray tube, a second projection 
cathode-ray tube and a third projection cathode-ray tube 
Which are disposed in this order; a phosphor layer provided 
on the second projection cathode-ray tube, having a thick 
ness of the phosphor layer Which varies continuously from 
a center portion of the phosphor layer toWard a peripheral 
portion of the phosphor layer; and a phosphor layer provided 
on at least one of the ?rst projection cathode-ray tube and the 
third projection cathode-ray tube, having a thickness of the 
phosphor layer Which varies continuously from a near side 
to the second projection cathode-ray tube toWard a far side 
from the second projection cathode-ray tube. 

According to an eleventh aspect, in the projection televi 
sion device of the tenth aspect, the three projection cathode 
ray tubes include a projection cathode-ray tube for red, green 
and blue, respectively. 

In the projection television device of the ?rst aspect, the 
spot diameter of the phosphor layer is not enlarged at a 
portion of the phosphor layer With a thinned thickness, in 
vieW of the thickness-spot diameter characteristics of the 
phosphor layer, to prevent aggravation of the ununiformity 
in the spot diameter. Therefore, the loss in resolution of the 
image projected on the screen gradually decreases as the 
thickness of the phosphor layer becomes thinner. 
Furthermore, in vieW of the thickness-luminance 
characteristics, the loss in luminance of the image on the 
screen gradually decreases as the thickness of phosphor 
layer becomes thinner. 
With the phosphor layer having the thickness Which varies 

continuously from its center portion toWard its peripheral 
portion, the loss in resolution and luminance of the image 
projected on the screen corresponding to a portion of the 
phosphor layer With a thinned thickness can be suppressed, 
to thereby ensure uniform resolution and luminance. Thus, 
an effect of enhancing the quality of the image produced on 
the screen is achieved. 

In the projection television device of the second aspect, 
the same function as discussed in the ?rst aspect is per 
formed With respect to each of the three projection cathode 
ray tubes, and accordingly, the loss in resolution of the 
image on the screen and the loss in luminance decrease as 
the thickness of the phosphor layer becomes thinner. 

Thus, also in the projection television device including 
three projection cathode-ray tubes (the projection television 
device for colored image), the loss in resolution and lumi 
nance of the image projected on the screen corresponding to 
a portion of the phosphor layer With a thinned thickness can 
be suppressed, to thereby ensure uniform resolution and 
luminance. Therefore, an effect of enhancing the quality of 
the image produced on the screen is achieved. 

In the projection television device of the third aspect, both 
the loss in resolution and the loss in luminance at the 
peripheral portion of the image projected on the screen are 
suppressed. 

In the projection television device of the fourth aspect, 
since the thickness of the phosphor layer at the peripheral 
portion is determined to achieve the maximum luminance, it 
is possible to provide excellent luminance. 

In the projection television device of the ?fth aspect, With 
the thickness of the phosphor layer Which is determined to 
range approximately from 20 pm to 30 pm at the peripheral 
portion and determined to range approximately from 40 pm 
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to 50 pm at the center portion, both the loss in resolution and 
the loss in luminance at the peripheral portion of the image 
projected on the screen are suppressed, to thereby achieve 
more excellent luminance. 

In the projection television device of the sixth aspect, the 
spot diameter gradually becomes smaller as the thickness of 
the phosphor layer provided on at least one of the ?rst and 
third projection cathode-ray tubes becomes thinner, in vieW 
of the thickness-spot diameter characteristics of the phos 
phor layer, and therefore the difference in resolution 
betWeen both sides of the image projected on the screen 
decreases, even through a projection lens. Furthermore, in 
vieW of the thickness-luminance characteristics, the differ 
ence in luminance betWeen both sides of the image projected 
on the screen decreases, even through the projection lens, as 
the thickness of the phosphor layer provided on at least one 
of the ?rst and third projection cathode-ray tubes becomes 
thinner. 

With the phosphor layer having the thickness Which varies 
continuously from the near side to the second projection 
cathode-ray tube toWard the far side, the difference in 
resolution and luminance betWeen both sides of the image 
projected on the screen can be reduced, to thereby ensure 
uniform resolution and luminance. Therefore, an effect of 
enhancing the quality of the image produced on the screen 
is achieved. 

In the projection television device of the seventh aspect, 
both the difference in resolution and the difference in lumi 
nance betWeen both sides of the image projected on the 
screen decrease. 

In the projection television device of the eighth aspect, 
since the thickness on the near side of the phosphor layer 
provided on at least one of the ?rst and third projection 
cathode-ray tubes to the second projection cathode-ray tube 
is determined to achieve the maximum luminance, it is 
possible to provide excellent luminance. 

In the projection television device of the ninth aspect, 
With the thickness of the phosphor layer provided on at least 
one of the ?rst and third projection cathode-ray tubes Which 
is determined to range approximately from 20 pm to 30 pm 
on the near side to the second projection cathode-ray tube 
and range approximately from 40 pm to 50 pm on the far 
side from the second projection cathode-ray tube, both the 
difference in resolution and the difference in luminance 
betWeen both sides of the image projected on the screen 
decrease, to thereby achieve more excellent luminance. 

In the projection television device of the tenth aspect, the 
loss in resolution of the image projected on the screen by the 
second projection cathode-ray tube is suppressed as the 
thickness of the phosphor layer on the second projection 
cathode-ray tube becomes thinner and the loss in luminance 
is also suppressed. The spot diameter gradually becomes 
smaller as the thickness of the phosphor layer provided on 
at least one of the ?rst and third projection cathode-ray tubes 
becomes thinner and the difference in resolution betWeen 
both sides of the image on the screen decreases, even 
through the projection lens. Moreover, the luminance gradu 
ally becomes higher as the thickness of the phosphor layer 
provided on at least one of the ?rst and third projection 
cathode-ray tubes becomes thinner and the difference in 
luminance betWeen both sides of the image on the screen 
decreases. 

Thus, the loss in resolution and luminance of the image 
projected on the screen corresponding to a portion of the 
phosphor layer With a thinned thickness provided on the 
second projection cathode-ray tube is suppressed, to thereby 
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ensure uniform resolution and luminance of the image, and 
the difference in resolution and luminance betWeen both 
sides of the image projected on the screen by at least one of 
the ?rst and third projection cathode-ray tubes is reduced, to 
thereby ensure uniform resolution and luminance of the 
image. Therefore, an effect of enhancing the quality of the 
image produced on the screen is achieved. 

In the projection television device of the eleventh aspect, 
a red image projected from the projection cathode-ray tube 
for red, a green image projected from the projection cathode 
ray tube for green and a blue image projected from the 
projection cathode-ray tube for blue are formed on the 
screen to produce a colored image. 

Thus, a projection television device for colored image 
Which is capable of producing a colored image With excel 
lent quality on the screen is achieved. 

An object of the present invention is to provide a projec 
tion television device Which is capable of producing an 
image With excellent quality on the screen. To achieve this 
object, variations of a thickness of a phosphor layer are 
made to prevent the loss in resolution and luminance at the 
peripheral portion of the image projected on the screen and 
reduce the difference in resolution and luminance betWeen 
both sides of the image projected on the screen. 

These and other objects, features, aspects and advantages 
of the present invention Will become more apparent from the 
folloWing detailed description of the present invention When 
taken in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional vieW shoWing structures of 
phosphor layers used for a projection television device in 
accordance With a ?rst preferred embodiment of the present 
invention; 

FIG. 2 is a graphical representation of characteristics, 
shoWing a relation betWeen a phosphor thickness and a spot 
diameter of a phosphor layer; 

FIG. 3 is a graphical representation of characteristics, 
shoWing a relation betWeen a phosphor thickness and a 
luminance of a phosphor layer; 

FIG. 4 is a cross-sectional vieW shoWing structures of 
phosphor layers used for a projection television device in 
accordance With a second preferred embodiment of the 
present invention; 

FIG. 5 is a cross-sectional vieW shoWing structures of 
phosphor layers used for a projection television device in 
accordance With a third preferred embodiment of the present 
invention; 

FIG. 6 is a schematic diagram shoWing a construction of 
a projection television device including three phosphor 
layers; 

FIG. 7 is a cross-sectional vieW shoWing structures of 
phosphor layers used for a projection television device in a 
background art; 

FIG. 8 is a graphical representation of characteristics, 
shoWing a relation betWeen an area and a spot diameter of 
a phosphor layer; 

FIG. 9 is a graphical representation of characteristics, 
shoWing a relation betWeen an area and a resolution (MTF) 
of an image projected on a screen; 

FIG. 10 is a graphical representation of characteristics, 
shoWing a relation betWeen an area and a luminance of an 

image projected on a screen; 
FIG. 11 is a diagram shoWing an example of images 

draWn on the phosphor layers; and 
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FIG. 12 is a representation of an example of image 
produced on a screen. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

<The First Preferred Embodiment> 

NoW, the ?rst preferred embodiment Will be discussed. 
FIG. 1 is a cross-sectional vieW showing structures of 
phosphor layers used for a projection television device in 
accordance With the ?rst preferred embodiment of the 
present invention. Phosphor layers 5a, 5b and 5c shoWn in 
FIG. 1 each have a thickness Which varies continuously so 
that it may be thick at its center portion and may be thinner 
at its peripheral portion. Other reference characters of FIG. 
1 correspond to those of FIG. 7. 

The projection television device of this preferred embodi 
ment includes the phosphor layers 5a, 5b and 5c of FIG. 1, 
instead of the phosphor layers 4a, 4b and 4c of FIG. 7, Which 
are arranged in the same manner as the projection television 
device shoWn in FIG. 6. 

This preferred embodiment is intended to compensate the 
loss in resolution and luminance due to the phenomena (1), 
(2) and (3) as discussed in the background art by making 
variations of the thickness of the phosphor layer. 

FIG. 2 is a graphical representation of characteristics, 
shoWing a relation betWeen a thickness and a spot diameter 
of a phosphor layer. As can be seen from FIG. 2, the spot 
diameter becomes smaller as the thickness of the phosphor 
layer becomes thinner. Accordingly, in order to make the 
spot diameter smaller, the thickness of the phosphor layer 
has to be thinned. Since the spot diameter of each of the 
phosphor layers 4a, 4b and 4c of FIG. 7 becomes larger as 
the distance from the center portion increases, the thickness 
of each of the phosphor layers 5a, 5b and 5c of FIG. 1 should 
be continuously changed to be thinner toWard the periphery. 

The above con?guration of the phosphor layers 5a, 5b and 
5c makes the spot diameter at the peripheral portion smaller 
to ensure a uniform spot diameter anyWhere, and accord 
ingly the loss in resolution at the peripheral portion of the 
image projected on the screen 3 is suppressed. Furthermore, 
continuous variation of the thickness causes no abrupt 
change in resolution. 

FIG. 3 is a graphical representation of characteristics, 
shoWing a relation betWeen a thickness and a luminance of 
a phosphor layer. As can be seen from FIG. 3, the maximum 
luminance is achieved When the thickness ranges approxi 
mately from 20 pm to 30 pm, and the luminance becomes 
loWer as the thickness becomes thicker or thinner than the 
thickness to achieve the maximum luminance. Accordingly, 
in order to enhance the luminance, the thickness has to be 
determined close to the thickness to achieve the maximum 
luminance. Since the luminance of each of the phosphor 
layers 4a, 4b and 4c of FIG. 7 becomes loWer as the distance 
from the center portion increases, the thickness should be 
determined close to the thickness to achieve the maximum 
luminance at the nearer portion to the periphery. 

The above con?guration makes it possible to suppress the 
loss in resolution at the peripheral portion of the image 
projected on the screen 3. Furthermore, continuous variation 
of the thickness causes no abrupt change in luminance. 

If the luminance is solely taken into consideration, tWo 
types of phosphor layers may be possible to achieve the 
maximum luminance: one is a concave phosphor layer of 
Which the thickness is determined close to the thickness to 
achieve the maximum luminance at the peripheral portion 
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8 
and determined thinner than the thickness to achieve the 
maximum luminance at the center portion, and the other is 
a convex phosphor layer of Which the thickness is deter 
mined close to the thickness to achieve the maximum 
luminance at the peripheral portion and determined thicker 
than the thickness to achieve the maximum luminance at the 
center portion. 

Additionally taking the resolution into consideration, the 
convex phosphor layer as shoWn in FIG. 1 can effectively 
suppress the loss both in resolution and luminance. For 
example, a phosphor layer having a thickness Which varies 
continuously so that it may range approximately from 40 pm 
to 50 pm at the center portion and may range approximately 
from 20 pm to 30 pm at the peripheral portion can suppress 
the loss both in resolution and luminance. Furthermore, 
since the phosphor layer has the thickness to achieve the 
maximum luminance at the peripheral portion, it is possible 
to provide excellent luminance and resolution. 
The thickness of the phosphor layer has to be determined 

so as not to aggravate the loss in resolution and luminance 
of the image obtained by the background-art projection 
television device. For example, the thickness of the phos 
phor layer Which is much thicker than that of the background 
art both at the center and peripheral portions causes much 
loss both in resolution and luminance, even if it varies 
continuously so as to be thick at the center portion and to be 
thinner at the peripheral portion. That should be avoided. 

Thus, the phosphor layers 5a, 5b and 5c each having a 
thickness Which varies continuously from the center portion 
toWard the peripheral portion makes it possible to suppress 
the loss in resolution and luminance at the peripheral portion 
of the image projected on the screen 3 to ensure uniform 
resolution and luminance of the image, thereby enhancing 
the quality of the image produced on the screen 3. 

Furthermore, if at least one of the phosphor layers 4a, 4b 
and 4c of FIG. 7 has a thickness Which varies continuously 
from the center portion toWard the peripheral portion of the 
phosphor layer, the above compensation is accordingly 
made With respect to at least one of the red image, green 
image and blue image. It is surely preferable, hoWever, to 
have the con?guration as shoWn in FIG. 1 in order to 
compensate all of the colored images. 

<The Second Preferred Embodiment> 
Next, the second preferred embodiment Will be discussed. 

FIG. 4 is a cross-sectional vieW shoWing structures of 
phosphor layers used for a projection television device in 
accordance With the second preferred embodiment of the 
present invention. Phosphor layers 6a, 6b and 6c shoWn in 
FIG. 4 each have a thickness Which varies continuously from 
the near side to the projection cathode-ray tube for green 
toWard the far side. Other reference characters of FIG. 4 
correspond to those of FIG. 7. 
The projection television device of this preferred embodi 

ment includes the phosphor layers 6a, 6b and 6c of FIG. 4, 
instead of the phosphor layers 4a, 4b and 4c of FIG. 7, Which 
are arranged in the same manner as the projection television 
device shoWn in FIG. 6. 

This preferred embodiment is intended to compensate the 
difference in resolution and luminance betWeen both sides of 
the image projected on the screen 3 due to the phenomenon 
(4) as discussed in the background art by making variations 
of the thickness of the phosphor layer. 
As can be seen from FIG. 2, the spot diameter becomes 

smaller, that is, the resolution of the image projected on the 
screen 3 becomes better as the thickness of the phosphor 
layer becomes thinner. Accordingly, the thickness of the 



5,877,823 

phosphor layer has to be thinned in order to prevent the loss 
in resolution. Since the image projected on the screen 3 
corresponding to each of the phosphor layers 4a and 4c of 
FIG. 7 on the nearer side to the projection cathode-ray tube 
for green 1b have loWer luminance, the thickness of each of 
the phosphor layers 6a and 6c is continuously changed to be 
thinner from the far side toWard the near side to the 
projection cathode-ray tube for green 1b. 

The above con?guration diminishes the spot diameter of 
the image of each of the phosphor layers 6a and 6c on the 
near side to the projection cathode-ray tube for green 1b, to 
thereby reduce the difference in resolution betWeen both 
sides of the image projected on the screen 3. Furthermore, 
continuous variation of the thickness causes no abrupt 
change in resolution. 
As can be seen from FIG. 3, the maximum luminance is 

achieved When the thickness ranges approximately from 20 
pm to 30 pm, and the luminance becomes loWer as the 
thickness becomes thicker or thinner than the thickness to 
achieve the maximum luminance. Accordingly, in order to 
enhance the luminance, the thickness has to be determined 
close to the thickness to achieve the maximum luminance. 
Since the image projected on the screen 3 corresponding to 
the phosphor layers 4a and 4c of FIG. 7 on the nearer side 
to the projection cathode-ray tube for green 1b has loWer 
luminance, the thickness of each of the phosphor layers 4a 
and 4c of FIG. 7 should be determined close to the thickness 
to achieve the maximum luminance on the nearer side to the 
projection cathode-ray tube for green 1b. 

The above con?guration makes it possible to reduce the 
difference in resolution and luminance betWeen both sides of 
the image projected on the screen 3. Furthermore, continu 
ous variation of the thickness causes no abrupt change in 
luminance. 

If the luminance is solely taken into consideration, tWo 
types of phosphor layers may be possible to achieve the 
maximum luminance: one has a con?guration Where the 
thickness is determined close to the thickness to achieve the 
maximum luminance on the near side to the projection 
cathode-ray tube for green 1b and determined thinner than 
the thickness to achieve the maximum luminance on the far 
side, and the other has a con?guration Where the thickness 
is determined close to the thickness to achieve the maximum 
luminance on the near side to the projection cathode-ray 
tube 1b and determined thicker than the thickness to achieve 
the maximum luminance on the far side. 

Additionally taking the resolution into consideration, the 
phosphor layers 6a and 6c as shoWn in FIG. 4, each of Which 
has a thickness close to the thickness to achieve the maxi 
mum luminance on the near side to the projection cathode 
ray tube for green 1b and thicker on the far side, can 
effectively suppress the loss both in resolution and lumi 
nance. For example, a phosphor layer having a thickness 
Which varies continuously so that it may range approxi 
mately from 40 pm to 50 pm on the far side from the 
projection cathode-ray tube for green 1b and may range 
approximately from 20 pm to 30 pm on the near side to the 
projection cathode-ray tube for green 1b can reduce the 
difference both in resolution and luminance betWeen both 
sides of the image on the screen 3. Furthermore, since the 
phosphor layer has the thickness to achieve the maximum 
luminance on the near side to the projection cathode-ray 
tube for green 1b, that is, on the end portion Where an image 
is draWn larger, it is possible to provide excellent luminance 
and resolution. 

The thickness of the phosphor layer has to be determined 
so as not to aggravate the loss in resolution and luminance 
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10 
of the image obtained by the background-art projection 
television device. For example, the thickness of the phos 
phor layer Which is much thicker than that of the background 
art both on the near side to the projection cathode-ray tube 
for green 1b and on the far side causes much loss both in 
resolution and luminance, even if it varies continuously so 
as to be thicker on the near side and to be thinner on the fax 
side. That should be avoided. 

Thus, the phosphor layers each having a thickness Which 
varies continuously from the near side to the centered 
projection cathode-ray tube toWard the far side makes it 
possible to reduce the difference in resolution and luminance 
betWeen both sides of the image projected on the screen 3 to 
ensure uniform resolution and luminance of the image, 
thereby enhancing the quality of the image produced on the 
screen 3. 

Furthermore, if either of the phosphor layers 4a and 4c of 
FIG. 7 has a thickness Which varies continuously from one 
side to the other side of the phosphor layer, the above 
compensation is accordingly made With respect to either the 
red image or blue image. It is surely preferable, hoWever, to 
have the con?guration make a compensation as shoWn in 
FIG. 4 in order to compensate both of the red image and blue 
image. 

<The Third Preferred Embodiment> 
Next, the third preferred embodiment Will be discussed. 

FIG. 5 is a cross-sectional vieW shoWing structures of 
phosphor layers used for a projection television device in 
accordance With the third preferred embodiment of the 
present invention. 
As shoWn in FIG. 5, a phosphor layer 5b is provided on 

the projection cathode-ray tube for green 1b, instead of the 
phosphor layer 4b of FIG. 4. The same process as discussed 
in the ?rst preferred embodiment is done to project a green 
image on the screen 3 and the same process as discussed in 
the second preferred embodiment is done to project red and 
blue images on the screen 3. 

Furthermore, the phosphor layer provided on the projec 
tion cathode-ray tube for red 1a and the phosphor layer 
provided on the projection cathode-ray tube for blue 1c may 
each have a thickness Which is determined close to the 
thickness to achieve the maximum luminance on the near 
side to the projection cathode-ray tube for green 1b and 
determined thinner on the far side, but as discussed in the 
second preferred embodiment, it is preferable for both the 
phosphor layers provided on the projection cathode-ray 
tubes 1a and 1c to each have the con?guration Where its 
thickness is determined close to the thickness to achieve the 
maximum luminance on the near side to the projection 
cathode-ray tube for green 1b and determined thicker on the 
far side. 

Moreover, either of the phosphor layers on the projection 
cathode-ray tube for red 1a and projection cathode-ray tube 
for blue 1c may have a thickness Which varies continuously 
from the near side to the projection cathode-ray tube for 
green 1b toWard the far side, but it is preferable that both of 
the phosphor layers on the projection cathode-ray tubes 1a 
and 1c should each have a thickness Which varies continu 
ously from the near side to the projection cathode-ray tube 
for green 1b toWard the far side. 
The above con?guration of phosphor layers makes it 

possible to suppress the loss in resolution and luminance at 
the peripheral portion of the green image projected on the 
screen 3 and to reduce the difference in resolution and 
luminance betWeen both sides of each of the red image and 
the blue image, thus ensuring uniform resolution and lumi 
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nance of the image. As the result, the image With excellent 
quality can be produced on the screen 3. 

Furthermore, although the projection cathode-ray tube for 
red 1a, the projection cathode-ray tube for green 1b and the 
projection cathode-ray tube for blue 1c are arranged in this 
order in FIGS. 1, 4 and 5, the projection cathode-ray tubes 
may be arranged in other order. 

While the invention has been shoWn and described in 
detail, the foregoing description is in all aspects illustrative 
and not restrictive. It is therefore understood that numerous 
modi?cations and variations can be devised Without depart 
ing from the scope of the invention. 

I claim: 
1. A projection television device, comprising: 
a plurality of cathode-ray tubes; and 
a phosphor layer provided on at least one of said plural 

cathode-ray tubes, having a thickness of said phosphor 
layer Which varies continuously from a center portion 
of said phosphor layer toWard a peripheral portion of 
said phosphor layer, Wherein said thickness of said 
phosphor layer is thick at said center portion of said 
phosphor layer and is thinner at said peripheral portion 
of said phosphor layer. 

2. The projection television device of claim 1, Wherein 
said plurality of cathode-ray tubes include a ?rst projection 
cathode-ray tube, a second projection cathode-ray tube and 
a third projection cathode-ray tube Which are individually 
used for different colors. 

3. The projection television device of claim 1, Wherein 
said thickness at said peripheral portion of said phosphor 

layer is a thickness to achieve the maXimum luminance 
in vieW of the phosphor thickness-luminance charac 
teristics. 

4. The projection television device of claim 3, Wherein 
said thickness of said phosphor layer ranges approXi 

mately from 20 pm to 30 pm at said peripheral portion 
of said phosphor layer and ranges approximately from 
40 pm to 50 pm at said center portion of said phosphor 
layer. 

5. A projection television device, comprising: 
three projection cathode-ray tubes including a ?rst pro 

jection cathode-ray tube, a second projection cathode 
ray tube and a third projection cathode-ray tube; and 

a phosphor layer provided on at least one of said ?rst 
projection cathode-ray tube and said third projection 
cathode-ray tube, having a thickness of said phosphor 
layer Which varies continuously from a near side to said 
second projection cathode-ray tube toWard a far side 
from said second projection cathode-ray tube. 

6. The projection television device of claim 5, Wherein 
said thickness of said phosphor layer is thin on said near 

side to said second projection cathode-ray tube and is 
thicker on said far side from said second projection 
cathode-ray tube. 

7. The projection television device of claim 6, Wherein 
said thickness on said near side of said phosphor layer to 

said second projection cathode-ray tube is a thickness 
to achieve the maXimum luminance in vieW of the 
phosphor thickness-luminance characteristics. 

8. The projection television device of claim 7, Wherein 
said thickness of the said phosphor layer ranges approXi 

mately from 20 pm to 30 pm on said near side to said 
second projection cathode-ray tube and ranges approXi 
mately from 40 pm to 50 pm on said far side from said 
second projection cathode-ray tube. 
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9. A projection television device comprising: 
three projection cathode-ray tubes including a ?rst pro 

jection cathode-ray tube, a second projection cathode 
ray tube and a third projection cathode-ray tube; 

a phosphor layer provided on said second projection 
cathode-ray tube, having a thickness of said phosphor 
layer Which varies continuously from a center portion 
of said phosphor layer toWard a peripheral portion of 
said phosphor layer; and 

a phosphor layer provided on at least one of said ?rst 
projection cathode-ray tube and said third projection 
cathode-ray tube, having a thickness of said phosphor 
layer Which varies continuously from a near side to said 
second projection cathode-ray tube toWard a far side 
from said second projection cathode-ray tube. 

10. The projection television device of claim 9, Wherein 
said three projection cathode-ray tubes include a projec 

tion cathode-ray tube for red, green and blue, respec 
tively. 

11. A projection television device, comprising: 
at least one cathode-ray tube; and 
a phosphor layer provided on said cathode-ray tube, 
Wherein a center portion of said phosphor layer has a 

thickness greater than a thickness of a peripheral por 
tion of said phosphor layer. 

12. The projection television device of claim 11, Wherein 
said phosphor layer varies continuously from said center 

portion of said phosphor layer toWard said peripheral 
portion of said phosphor layer. 

13. The projection television device of claim 11, Wherein 
said phosphor layer is irradiated by an electron beam, the 

electron beam entering the center portion at a ?rst angle 
of incidence producing a ?rst spot diameter at a ?rst 
point of entry, and the electron beam entering the 
peripheral portion at a second angle of incidence larger 
than said ?rst angle of incidence producing a second 
spot diameter at a second point of entry, said phosphor 
layer compensating for a difference betWeen the second 
angle of incidence and the ?rst angle of incidence to 
prevent the second spot diameter from substantially 
differing from the ?rst spot diameter. 

14. Aprojection television device for projecting an image, 
comprising: 

at least one cathode-ray tube; and 
compensating means, provided on said at least one 

cathode-ray tube, said compensating means having a 
center portion and a peripheral portion, said compen 
sating means being irradiated by an electron beam, 

Wherein the electron beam enters the center portion at a 
?rst angle of incidence producing a ?rst spot diameter 
at a ?rst point of entry, and the electron beam enters the 
peripheral portion at a second angle of incidence larger 
than said ?rst angle of incidence producing a second 
spot diameter at a second point of entry, 

said compensating means for compensating for a differ 
ence betWeen the second angle of incidence and the 
?rst angle of incidence to prevent the second spot 
diameter from substantially differing from the ?rst spot 
diameter. 

15. The projection television device of claim 14, Wherein 
said compensating means includes a phosphor layer, the 
center portion of said phosphor layer having a thickness 
greater than a thickness of the peripheral portion of said 
phosphor layer. 

16. A method for improving at least one of the resolution 
and luminance of a projection television device, comprising 
the steps of: 
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providing at least one cathode-ray tube; and point of entry, and the electron beam entering the 
coating the at least one cathode-ray tube With a phosphor Peripheral Portion at a Second angle of incidence larger 

layer, than the ?rst angle of incidence producing a second 
Wherein a center portion of said phosphor layer has a Spot diameter at a Second Point of entry, and 

thickness greater than a thickness of a peripheral por- 5 the phosphor layer compensating for a difference betWeen 
tion of said phosphor layer. the second angle of incidence and the ?rst angle of 

17- The IIleIhOd 0f Claim 16, wherein incidence to prevent the second spot diameter from 
the phosphor layer is irradiated by an electron beam, the substantially differing from the ?rst spot diarneter. 

electron beam entering the center portion at a ?rst angle 
of incidence producing a ?rst spot diameter at a ?rst * * * * * 


